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 Abstract 
           Some aspects of the oxygen green linein night airglow and its relation with other 
     geophysical phenomena were studied. It is ascertained that the ordinary intensity of 
     this line can be deduced through the Chapman reaction. However, some of the be-
     haviours of the line are hardly made out unless supplemental excitation by the sporadic 
     faint meteor is introduced. The excitation processes of the sodium D lines and the 
     continuum around a 5250A were also investigated on the foundation of the intensity 
     relation with the oxygen green line. 
I Morphological study 
 I-1. Introduction 
   The rocket exploration shows that the emission layer of the oxygen green line lies 
around 100 km in altitude. [1] [2] [3] It is well known that the oxygen is dissociated 
into the atomic state above this region, thus it seems that the Chapman reaction [4] 
may be the main excitation process of the oxygen green line. 
   However, Roach et.  al. noticed the geomagnetic dependency and successional 
intensity distribution to aurora I of the oxygen green line in night airglow and concluded 
that the airglow may be of a "discharge" nature. Their conception is that the excita-
tion process of the airglow is similar to the auroral excitation. [5] [6] [7] [8] 
   This problem will be discussed based upon the morphological study of the  airglow 
in the middle and lower latitudes. 
 1-2. Some aspects of the oxygen green line 
 I-2.1 The distribution of the oxygen green line intensity 
   The distribution of the oxygen green line intensity is examined in the probability 
paper of which abscissa is scaled in cubic root of intensity, Q. The Q-100 is represented 
as a straight line in Fig. 1, i.e. the distribution of it is normal. However, this resulted 
from the large difference of the intensity range in each season, the distribution of  Q-Q0 
in each season is  normal for the smaller value of  Q0. 
   As Barbier pointed out [9] the normal distribution of cubic root intensity is the 
passive evidence of the Chapman reaction, and the facts that the distribution of the 
cubic root of  Q—Q0 fits better to the normal distribution curve than Q itself will imply 
that the supplemental excitation Q0 may be added to the Chapman reaction. 
   The  Q, deduced from the world data which were collected and put in order by 
Mc Caulley et  al.  [10] is generally small.
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               Fig. 1. Occurence frequencies of oxygen green line intensities. 
 1-2.2 Excitation through the Chapman reaction 
   The ordinary intensity of the oxygen green line obtained from world data is 280R. 
This coincide well with the rocket observations. 
   According to the Chapman reaction, the time-variation of  n  [0(1s)] is expressed as 
 d  n  LO  CO)]  
 d  t  = k/23  [0(3 fi)]  —  (A32 +  A  coi  rt  [M]TI  LO  (1s)i) 
Then, the intensity of oxygen green line in the quassi-stationary state is given by 
                               A32k n3  [0 (3fi)]                   Q
5577 A32  n [0 (1S)] —  
32                                    A+Aca 
where  A32=1.28  [11],  Pic,/  10"  [12], and Millers values for  n  [M]  =n[02]  +  n[N2] and 
 n[0]  [13] are used. 
Then, we have 
 Q,577=280=1.97+  1037K at 100 km. 
We can have a presumable value for K, i.e. 
 K-1.4  X  10-33.
   Though the decrease of the emission rate around the maximum emission region
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slopes more gently than expected from n3 [0] law, this will be caused by an inaccuracy of 
the observation. 
   The three body reaction of atomic oxygen also results in excitation of  02; 
 0+0+0-432*+0. 
   This 02* will contribute to the Herzberg band and the linear relation between the 
oxygen green line and the Herzberg band will be derived. 
   The following reaction 
 NO++0  NO+0* 
may occur when the ion density in the night time E layer is high though it is impossible 
to derive ordinary brightness. 
 1-2.3 Latitude effect of the intensity and its time variation 
   The seasonal intensity variations are obtained at 11 stations using the monthly 
mean daily minimum value. These variations are arranged in the order of geographical 
latitude (Fig. 2). In this figure, Fritz Peak goes up to the position between Haute 
Provence and Memanbetsu, and Tamanrasset locates between Kakioka and Aso 
when it is rearranged in geomagnetic latitude. 
   It will be noticed that better arrangment may be obtained when they are placed 
in the order of geographic latitude in the lower latitude and of geomagnetic latitude in 
higher middle latitude. 
   It will also be noticed that the maximum of spring in the low latitude branches off 
to two small maxima at about  20° geographical latitude and the interval becomes 
larger in high latitude. 
   The cause of this feature is not clear but it seems to be the ascription of dynamical 
state of the upper atmosphere. 
   The seasonal variation is analysed into Fourier terms. The values Q, and  6, in 
                                      27r                                         (QQ
, cos--12-rt - 
are listed in Table 1, and the values concerning with  Q, are plotted against latitude in 
Fig. 3. 
 1-2.4 Simultaneous increase of  intensity in the extensive area 
   The observed intensity variation is plotted in G.M.T. (Fig. 4). The diurnal varia-
tion at each station is clearly seen and piled on which simultaneous intensity variations 
at remote stations are also seen. These variations have no relation with the geomagnetic 
activity Kp or geomagnetic horizontal intensity H. 
   Such simultaneity can not be accounted for through the Chapman reaction 
because of no simultaneous variation of  n  [0] in such extensive area can be thought. 
    This phenomenon can be accounted for through excitation by uniformly incoming 
agency in a wider area. 
 1-2.5 Oscillation of intensity 
   The oscillation ofintensity have been observed at Sendai on Apr. 19/20, 1958. The
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               Fig. 2. Seasonal variations of the oxygen green line intensities. 
similar phenomena were seen on Apr.  9/10 and May  25/56 in 1958. The oscillation is 
observed at the same time at some of other Japanese stations. 
   As shown in Fig. 5, these oscillations have rather constant period of about 8  min 
and their amplitude is great. It seems that such periodicity and great amplitude can 
be deduced only through atmospheric oscillation, by which  n[0) is periodically changed
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     Fig. 3  Qii1Q0 and  Qi1Q0 plot against geographical latitude. These xalues  vary rather 
            smoothly excepting the value at the Fritz Peak. 
and the oscillation of intensity will be derived through n3  pep)]. 
 1-2.6 Bright night 
   At some isolated night or successive nights, intense brightness of the night sky is 
observed and that the intensity is not so intense at the previous and following night. 
Such night is called "Bright night." 
   In this section, the "Bright night" shall be studied under the following  definition: 
   When the intensity above 1.3 times of the monthly mean hourly value is observed 
during more than half of night, it is called "Bright night". 
   An example of bright night and the list of bright nights are shown in Table 2 and 
Table 3. 
   It seems that the bright night has about  30 days recurrency which is similar but 
different from the recurrency of geomagnetic activity. 
   It is well known that the circulation period of the short wave go along the long 
wave of the meteorological westerly undulation which surround the earth in three or 
four cycles at middle or higher latitude is similar to it. 
   If the similar wave can be supposed in the upper atmosphere, such wave will control 
the occurrence period of intense brightness of the oxygen green line through the 
variation of n  [0]. 
   As the location of the long wave is rather fixed, the condition of appearance or 
disappearance of the short wave will be simillar at France and Japan, then similar 
appearance of the "Bright night" can be expected in these countries.
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         Table 2 An example of the Bright Night (Sendai Nov. 30/Dec. 1, 1959) 
 L.  T.  18  19  20  I  21  I  22  23  0  0.L  02  I  03  04 05 
   Nov. 29/30, 1959 250 215 280 345 370 340 330 325 375 435 485 
   Nov. 30/Dec. 1 520 525 435 425 505 700 715 805 540 380 340 435 
  Dec 1/2 295 240 200 195 225 250 385 390 400 360 290 200 
                      Table 3  List of Bright Nights in 1958 
 Japan (all stations) France (Haute                                             Provence)America (all stations) 
                       The day of 
 B.  N. large night  B.  N.  B.  N. 
                          time  K13 
     Jan. 15 17, 18  16,  (21),23 18, 20 17 17, 20      Feb. 13, 20. 21 11, 12 (23) 9, 10 (19) 10, 11 
    Mar. 23 12, 13 (18) 11, 19 (18) 11, 12 
     Apr. (19) 17, 18 (12),20 16, 17 (24) 16, 17
     May. 13 14, 26  15,  (22),23 13, 14 (18) 13, 14
    June. 13 21, (10),(14),19 9, 21 9, 21     
uly. 17 21, 14, (18) 19, 21 16, 19 
     Aug. 12 (16)(17) 17, 24 15, 17 17, 23 21, 23
      Sept. 13 (20) 9, 16 8, (13),(14) 16,  (26) 16, 
     Out. 12, 19 22,  {20),(21),(22) 22, (23) 22, 
   Nov.  6,  (11) (  6),Il (22) 
     Dec. (10) 4, 13 9, (10) 4, 17 
        i) Day  1,1 represents the night of day n to day  n+1
        ii) ( ) means "sub-bright night" or bright  but uncertain because of fewness 
            of the observed hourly value. 
       iii) The days of large hight-time Kp are picked up from airglow observation 
                term. 
   It will be soon aware that the "Bright night" is not a  lunar tidal feature. 
 1-3. The relation between the oxygen green line and other geophysical pheno-
mena 
 1-3.1 Sodium D lines and the oxygen green line 
   The emission layer of sodium D lines lies almost in the same region or just below 
that of the oxygen green line. 
   Barbier [14] investigated the correlation between the intensities of these two lines 
and found no linear relation between them. 
   However, there can be found a rather simple relation, though it is non-linear, in 
each season. 
   In individual cases, the simultaneous intensity variation of these two lines is often 
seen in every month excepting November, in which the intensity of the sodium D lines 
is very intense and the time-variation runs in out-phase to the oxygen green line. 
   Bedinger et al. observed the D line emission from the sodium vapor ejected into the 
upper atmosphere and found that the intensity distribution is similar to that of atomic 
oxygen concentration. 
   Some of their conclusions are (1) the sodium D lines will be excited through rapid
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 Fig. 6 Intensity relation between the oxygen green line and sodium D  lines. a) shows 
        this relation in each season, and b) shows this relation in November in which 
        relation different from a) is seen. 
two-body process, and (2) the source of atmospheric sodium may be meteors or meteoric 
particles  [15]  .
   Excitation through the two-body process will be expressed as
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 Nad-X*—Na*d-X, 
and the  X* in the emission region of the sodium  D lines are  0(1s) and  02(3E+0. How-
ever, these are numerically insufficient for the sodium  D lines excitation , therefore 
vibrationally excited  02 must be introduced as proposed by Potter and Del Duca  [27]; 
 Na+0*2Na*+02 
   Such vibrationally exicted 02* will be produced mainly by the reaction; 
 0+0+M-*02*(v50)+M, 
and the production rate is proportional to  n[02(3p)]. The intensity of the sodium D 
lines will be calculated by 
        Q (Na D)At K'n[02*]n[Na (2s)]  At K'70[0] n [Na]   A
t +  Acta' n  At +  A'  cot  n [M] 
where  At is a transition probability. 
   Using the intensity of the oxygen green line calculated in sec. 1-2.2, there can be 
deduced the following relation 
                      (Q(Na—D) )1,5                  Q (5577) cc  C  n  [Na] 
between them. 
   Thisrelation, is simplified as 
                    Q(5577)ccC  •  Q  (Na—D)  , 
if  n[Na] is assumed to be proportional to n[0(3p)]-case A, and as 
                   Q (5577) cc C  {Q  (Na—D)}1.5
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if n[Na] is assumed to be constant — case B. 
   The  coefficient C is decided from the datum intensities which are obtained from 
the cubic root of  Q—Q  0 of the oxygen green line and the sodium D lines in the case A, 
and is obtained from square root of  Q—Q° for the sodium D lines in the case B. 
   Fig. 6's show relation of  these two lines' intensity for the case B using the values of 
 Qo(5577)=5R and Q0(Na-D) =20R, and this can be reduced to be more satisfactory by 
adopting the greater value of  Q0(Na-D). 
   In November, the abundant supply and disappearance of atomic sodium is 
necessary as augmentation of atmospheric sodium concentrations can not be expected 
from the study of twilight sodium emission [17]. It may be the meteor that supply 
the atomic sodium in the nightglow region as the supply of sodium by dissociation 
of sodium compound can not be thought. 
   If the meteor is  sodiumy  ' in November, the sodium D lines' intensity will be 
much increased corresponding to the intensity decrease of the oxygen green line 
because the meteoric sodium is exicted by the reaction with  atmospheric gases but 
the atomic oxygen is not excited on account of its higher excitation level thus the 
meteoric excitation of the oxygen green line which is usually contained is lost and its 
intensity will decrease. Though this is only the qualitative argument and disagree 
quantatively, it is worthy to further study using more abundant data. 
 1-3.2 Background of night  airglow 
   In the observed line of night  airglow, the background light is contained. This 
background light consists of the extra-terrestrial light and the continuous spectrum of 
 airglow. 
   Though it is difficult to except the former, there is no need to mind of its inclusion 
in the study of the comparison of the intensity with the oxygen green line as the extra-
terrestrial light is corrected to be equall input at X5577 and  A5250. 
   The continuous spectrum is emitted between 90 km and 110 km, and in higher 
altitude [1][2]. 
   According to Barbier [14], the correlation between intensities of the oxygen green 
line and the continuous spectrum is very high. This fact may mean that the oxygen, 
atomic or molecular, will contribute to continuum emission. At the present situation, 
the emitter of continuous spectrum is not known. However, it can be guessed that 
the continuum will be piles of wings of some molecular band or radiation at the time 
of radiative  associations; 
                (0 0)  (A3E2ti-F)  02  (X3E,—) h  v [18] 
 or  NO  +  0  (1s)  NO,  hp [19] 
   The almost linear relation between the intensities of the oxygen green line and 
continuum around 5250A can be deduced by  these reactions and the Chapman reaction. 
 1-3.3 Intensity variation related to the geomagnetic and ionospheric phenomena 
   Sometimes, the oxygen green line intensity increases at the same time of decrease
          A STUDY OF EXCITATION PROCESS IN NIGHT AIRGLOW 19 
of the geomagnetic horizontal component H. This relation becomes clear when the 
oxygen green line is compared with  4H— the deviation from the monthly mean hourly 
value of H in quiet days. 
   Fig. 8 shows this relation at Kakioka. It is noticed that the green line intensity 
increases even at the time of  4H increase. 
 0. 
                                      -400R
            • • ••• .^ 
                     ,.•  
.  ••••• •                                       -200  l• 
                                            • \ •: •••• 
                                                            •                        • • 
                                                                     •
                                                    off  I _              -40  -20 20  40 D' 
 Fig, 8 Relation between Q and  ifH (in summer) 
 .Q. 
 6OR 
                                                                                • 
•  '  •  •  40 
•  • 
       • •                 . . .                         20  •  
•  :  S'66,11) 
 -8  
,-4  4.  .  .  8  6' 
                 • . •                                                                                                                                                  
• 
•  •  • -60  ••  •  • 
•  
•  •  • 
                                                                                                                                                        •                          • -40 • 
                                                • • 
 • 
 • -20  • 
• • - 
          Fig. 9 Relation between  aQ and  s(4ri) , which shows confusive feature.
20 M. OKUDA 
   One of the foundantions of Roach et al. 's proposal is the same relation shown in 
Fig. 8 but they obtained this relation only for negative 41 -. 
   Fig. 9 shows no relation between  SQ  =Qt-Qt___, and  8(411). And it seems that the 
relation in Fig. 8 will be only a statistical relation. 
   If the incoming auroral particle excites the  airglow, the rather simple relation 
between  8Q and  8(411) will be seen. The relation in Fig. 8 will be able to account 
through the motion of the upper atmosphere in the restricted region. 
   For example, the vertical wind (motion of substances) 
                            (z—Z0)2 
                  C         = 6)0  1h2Zoh > z > zo — h 
 co=6)0„ the maximum veolicty at  Z=Z0 
 co-0 at  Z  =  Z  0-1-h 
is assumed, and as the concentration of atomic oxygen is approximately expressed as 
 n [0] (Z)  no  x  e°,376(z-98) for z <  98  km 
 98  km  <  z < 101 km 
 no  X  e-0  126  (z-101) 101 km < z 
around 100 km alt., the variation rate of the atomic oxygen concentration is expressed as 
 a            /aco                                   — 0co—  at az 
                           (z — zo)2  2ro —a) 
h2h2               01.1 —(z  —  zo) 
 where  B = 0.376 for z  <  98 km 
 =  0  98  <  z  <  101 
 0  =  —  0.126  101  <z 
   This is a function of  Z0 and h. If these are  assumed to be 95 km and 10 km 
respectinely, the value of a is calculated as shown in Table 4. 
   In such case, many n[0] increase in the region of the foremost maximum  concentra-
tion,- and a large increase of the green line intensity will occur irrespective of the sign of 
 coo. 
   The downward wind, if  Z0 is near the upper boundary of  n[0] maximum concentra-
tion, will also be found from the same result. 
   These winds will give rise to the variation of the geomagnetic horizontal component 
at the same time. 
   Under such effect, the total intensity will be expressed as 
 Q  5577 (t) cc  l [n 0a  (0,  t, z) dtpdZ.
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                                                  Table 4  ALT
. 
 Z  a/co, 
 fi  (t  =t 
 95  km  —0.392 
                  96  —0.396 ZO2
97  —0.402 
                  98 —0.040
                  99 —0.020
  Zo ------  „ 100                  10.000                                                                         0.020 
                 102 0.161
 na=0) 103 0.175 
                 104 0.186l
og  'no  log  n. 105  0.195 
    Fig. 10 Distribution of  n[O] 
   McCaulley and Hough found the relation between the oxygen green line and Af 
which is the difference of critical and minimum frequency of the bifurcated night time 
E layer  [201 
   It can be thought that there is an agency which contribute to both the intensity of 
the oxygen green line and the bifurcation of night time E layer. At present, only the 
meteoric particle is known agency of such bifurcation. Es corresponding to magnetic 
disturbance generally differs from such E bifurcation. 
 1-4. Summary of paragraph I 
   It is clarified that the almost all behaviours of the oxygen green line in night 
 airglow can be accounted for through the Chapman reaction, and the intensity 
distribution of it passively supports this process. 
   It seems to be possible that the following reactions; 
           Na +  02*  —o  Na*  ± 0 (1) 
 O  (1s) + NO  —0  NO2 h  v (continuum) (2) 
 O+0 0  02  +  h  v (3) 
are the main excitation processes of sodium  D lines and continuum around X 5250 A. 
The simple relation in intensity of the oxygen green line and the sodium D lines is 
deduced from the process of  02* production; 
 O+0+0—o02*+0 (4) 
 O+0+M—o02*+M (5) 
and  0+0+0—o02+0(1s) (6) 
   These processes also result in the high correlation between the oxygen green line 
and the  02 Herzberg band. 
   The reaction (2) contains  0(1s) and the linear relation between intensities of the 
oxygen green line and the continuum can be deduced, and (3) brings, about a slightly 
curved relation between them.
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   It seems that the  Qo necessary for the normality of intensity distribution is brought 
on through supplemental excitation process, and such process will be the cause of the 
simultaneous variation of intensity in the extensive area . 
   For such excitation a rather uniformly incoming agency must be supposed and it 
seems that this agency may be a sporadic micrometeor taking into consideration the 
intensity relation between the oxygen green line and sodium D lines. 
            II Some considerations on meteoric excitation 
   The meteoric exictation is postulated from the morphological study of the oxygen 
green line and the sodium D lines. 
   And the possibility of meteoric exictation should be examined. 
 II-I Morphology of the sporadic faint meteor 
   The meteor is the  extra-terrestrial particle impingeing the earth's atmosphere and 
its constitutent atoms are evaporated from the meteor as it is heated to high tem-
perature by the collision with atmospheric constituents. 
   According to the study of Greenhow and Lovell the number of meteor impact per 
day on the atmosphere is of the order of  101s for the meteor of about 15 deg. magnitude 
and its mass is about  1010 gr. The velocity range is 10  km/sec to 72  km/sec. The 
meteoric mass impingeing the whole atmosphere is estimated to be 485 tons per year 
 [21]. 
   The  diuranl and seasonal variations of sporadic meteor rate is shown in Fig. 11 
through Fig. 13 according to Greenhow and Lovell. The most active region of the 
meteor is around 100 km  alt• and the number of evaporated atoms reach the maximum 
in this region. 
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 Fig. 11 Diurnal variation of meteor echo rate (after  Greenhow and Lovell) 
 Fig. 12 Seasonal variation of time of diurnal maximum echo rate (after Greenhow and Lovell) 
 Fig. 13 Seasonal variation of meteor echo rate (after Greenhow and Lovell)
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   The decrease rate of electron density in the night time E region is lower than 
expected from the rate coefficient of recombination in the day time. This can be 
attributed to the meteoric ionization [22] and/or to the ionization of the meteoric 
atom having low ionization potential [23]. Naismith has suggested that the subsidiary 
layer in the night time E region resulted from the impact of meteors [24]. 
   As above stated, the meteor plays an important role in the night time E ionization. 
11-2 Some consideration on meteoric ecxitation 
   As stated in the previous section the meteoric ionization plays an important role 
in the night time E region, and thus the contribution of meteoric excitation to the night 
 airglow can be supposed. 
   However, the energy supplied in the upper atmosphere by the meteor is about 
 1.6  x  1019 erg. when two tons of  metors per day and 40 km/sec of their velocity is assumed. 
This corresponds to  3.6  X  10-5erg.  =2.3  x  10'  e.V. per cm2 column per sec. On the other 
hand, the energy of night airglow emission in the region around 100 km  alt. is of the 
order of  109 e.V. per cm2 column per sec. The meteoric energy is only one percent of 
total necessary energy even  1 for excitation efficiency is assumed. 
   However meteoric energy does not maintain the night airglow, only a fraction of 
it i.e.  Q°. The  Qo of world intensity distribution is only a few Rayleigh and is of the 
same order for each season at Sendai. Simultaneous intensity increase of shorter dura-
tion in the extensive area or together with sodium D lines are of the order of a few tenths 
Rayleights. 
   Sporadic micro meteor is not always uniformly distributed in the space and will 
form group. Then, it can be supposed that the contribution of such groups to the 
night airglow is a simultaneous increase of intensity. For instance, if the plunging mass 
increased to a few times of the ordinary state, the simultaneous intensity increase 
reaches an appreciable value. 
   According to the experiment by Resler et  al.  [25], ionization efficiency of neutral 
heavy particle is rather high. The extent of ionization is a function of Mach number, 
and in the case of argon at Mach  18-6km/sec, argon at 1 cm of Hg pressure was 50 
percent ionized and there was a highly luminous region associated with the shock front 
in both argon and air. The experiment by Berry et al. shows the onset energy observed 
for such ionization were roughly only three times the ionization potentials of atoms 
[26]. Then it seems that the ionization efficiency and also the excitation efficiency of 
the meteoric atom is rather high. Dubin's estimation shows the electron production 
by meteor is 20 per cubic cm per sec. 
 11-3. Excitation by meteoric particles 
   The meteoric excitation is highly possible and is expressed as 
 0  +  M  0  (is)  M 
 Na  M  --+  Na  (2fi)  M
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   where M is the meteoric atom which is evaporated from the mother meteor. The 
   production of M is roughly calculated as  105 per cubic cm per sec. around the region of 
   100 km alt. These atoms will keep up high velocity during many collisions. 
      The relative emission rate against altitude is obtained as shown in Fig. 15. In this 
   figure the natural distribution of atomic sodium [27] is used but the distribution will be 
   the same to that of M when only the meteoric sodium is taken into account. 
       The diurnal and seasonal variations of the meteoric excitation are not known 
   unless the  n[0] and its distribution is known as a function of time. However, it can be 
   supposed that the dissimilarity of seasonal variation of the intensities of oxygen green 
   line and sodium D lines is resulted from meteoric excitation. 
      For instance intense brightness of sodium D lines in November will be accounted for 
   by the abundant supply of atomic sodium by  `sodiumy' meteor as stated in paragraph
    I. 
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          Fig. 14 Relative emission against altitude, deduced from meteor excitation. a) oxygen 
                green line b) sodium D
          A STUDY OF EXCITATION PROCESS IN NIGHT AIRGLOW 25 
   Though no meteoric shower effect of  airglow intensity had been reported, this dues 
to the insufficiency of the supplied energy as the active region of shower is low than 
emission layer as the mass distribution of it biased to the heavier part. 
   The duration of the meteoric shower is about one hour and lasts ten days. The 
plunging mass in each one hour is only one ton and moreover the maximum evaporation 
occurs in lower altitude than the emission layer. One can find incidental intensity 
increase here and there in non-revised all sky observation at the time of meteoric shower. 
Thus, the excitation by the shower meteors at the level in question will occurs sparsely 
and incidental and can not contribute to rise up the airglow intensity level. 
 11-4. Summary of paragraph  II 
   The meteoric excitation can be introduced without effect to the morphology of the 
oxygen green line and the sodium D lines in night airglow. The simultaneous increase 
of intensity and the relation between the intensities of  these lines are well accounted for 
through this process. The meteor has sufficient exciting power but the total mass of 
the metor is short of the above illustration. However, the augmentation of the 
meteoric mass by the prospective observation may be expected. For instance, 
Best criticized the magnitude-weight relation and obtained the value of 20 tons per 
day of the accretion by the earth [28]. It is possible to account for the  Qo and 
simultaneous increase of intensity using such value of mass. If sufficient meteoric 
excitation can be expected, it may also contribute to the time-variation of the airglows. 
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